Prior research suggests that listeners from different cultural backgrounds appreciate music differently. Although music mood/emotion is an important part of music seeking and appreciation, few cross-cultural music information retrieval (MIR) studies focus on music mood. Moreover, existing studies on crosscultural music perception often only compare listeners from two cultures, in most cases, Western vs. Nonwestern cultures. In order to fill these gaps, this study compares music mood perceptions of listeners from three distinct cultures: American, Korean, and Chinese. Our findings reveal that the perceptions of the three cultural groups are generally different, but in many aspects, Korean listeners are situated in between listeners from the two other cultures. This paper describes the comparison of the three cultural groups from the perspectives of mood perceptions, musical (stimuli) characteristics, and listeners' (subjects) characteristics. The findings of this study have implications for the design of cross-cultural and global MIR systems.
culture until fairly recently, about two decades ago. We wanted to understand how similar or different these two non-Western user groups are, compared to the American user group. A comparison between more than two cultural groups will bring us one step further towards building cross-cultural and global MIR systems.
Related Work
Existing comparative studies of Western and non-Western music listeners in music psychology tend to focus on aspects other than music mood, for example, perception of complexity (Eerola et al., 2006) , the role of music in everyday life (Rana & North, 2007) , functions of music and music preference (Schäfer et al., 2008) , and so on. However, a small number of studies do examine how music mood judgments can transcend cultural boundaries. In some studies, listeners were asked to identify the mood of music from different cultures (e.g., Balkwillm and Thompson (1999) , Fritz et al. (2009) ). These studies discovered that some basic emotions such as happiness, sadness, anger, or fear are recognizable by listeners across cultures. More specifically, Balkwillm and Thompson (1999) discovered that Western listeners were able to identify intended emotion such as joy, sadness, and anger in Hindustani raga. Fritz et al. (2009) found that native African listeners could identify happy, sad, and scared/fearful emotions in Western music. In other studies, listeners from different cultures were asked to describe the mood of music from single or multiple cultures (e.g., Wong et al. (2009) , Gregory and Varney (1996) , Hu and Lee (2012) ). They found many subtle differences in how mood is perceived by listeners from multiple cultures, and that cultural tradition and background, in addition to the inherent qualities of the music, affect listeners' mood judgments. Wong et al. (2009) revealed the in-culture bias of Indian and Western listeners when judging the tension in music. Gregory and Varney (1996) found that Indian and European listeners show a number of subtle differences in their mood descriptors and cultural tradition was more important than inherent qualities of music when listeners determined the music mood. Hu and Lee (2012) also found that mood judgments do differ between American and Chinese listeners.
This study builds upon these works, in particular, our previous work comparing music mood perceptions of American and Chinese listeners (2012). Some important findings of our previous work include that listeners from different cultural backgrounds tended to give different mood labels when the mood of a song was not very obvious. Listeners agree more with other listeners from the same cultural group than with those from the other cultural group. American and Chinese listeners had different opinions on all the five music genres in consideration (i.e., Dance, Easy listening, Pop, Rock, and Other), and listeners' gender and age did not have as strong an influence as cultural background on their judgments of music mood. It may not be surprising that many differences exist between listeners from American and Chinese cultures, since the two are often recognized as representing the contrasting Western and Eastern cultures. The case of Korea is a bit more intriguing, as Korean culture shares similar roots with Chinese culture, but is also strongly influenced by American culture.
To summarize, this study distinguishes itself from related cross-cultural MIR studies in that: 1) it considers three cultural groups, with one of them highly influenced by the other two; 2) explicitly measures and compares the distance among the three cultural groups; and 3) the songs (stimuli) used in this study cover a range of musical characteristics (i.e., instrumental vs. vocal, different genres).
Research Question and Method

Research Question
The overarching question in this study is how similarly or differently listeners from American, Korean, and Chinese cultural backgrounds perceive music mood. We attempt to answer this question from the three following perspectives: mood judgment distributions and agreement levels, music (stimuli) characteristics, and listeners' (subjects) characteristics.
Study Design
Listeners from the three cultural groups were recruited to answer an online music listening survey consisting of thirty 30-second music clips. The clips were selected from Western songs: half from the APM (Associate Production Music) library 1 (instrumental music in a range of different genres), and the other half from the USPOP collection (Ellis et al., 2003) consisting of Pop and Rock songs with lyrics. All the songs had previously been evaluated by three to five listeners whose cultural backgrounds ranged from Europe, North America, and Asia. In order to avoid selecting the "obvious" songs with highest agreement, we selected songs that had greater disagreement among the listeners. The music pieces from the APM library were instrumental, and therefore we balanced our test dataset by drawing the other half of the 30 pieces from the USPOP collection (Ellis et al., 2003) ensuring that they all had vocal components. More detailed description on how the songs are selected can be found in Hu and Lee (2012) . In responding to the survey, participants listened to each of the clips and selected one out of five mood clusters that best describes the mood expressed by the clip. Each mood cluster contains several mood terms that collectively better represent a particular mood as opposed to a single mood term. If none of the mood clusters were deemed appropriate, the listener could choose the "Other" option and specify the mood in their own vocabulary.
The five mood clusters were adopted from the Audio Music Mood Classification task in the communitybased evaluation framework MIREX (Music Information Retrieval Evaluation eXchange) (Hu et al., 2008) (reprinted in Table 1 ). MIREX is the venue for comparing state-of-the-art algorithms and systems that are relevant for music information retrieval. The Audio Music Mood Classification task was first included in 2007 and a number of relevant algorithms were evaluated every year since then. The five mood clusters used in MIREX Audio Music Mood Classification task were derived by conducting a hierarchical clustering on a co-occurrence matrix of music mood labels from the All Music Guide The listeners were recruited via mailing lists for university students. Listeners in each group identified themselves as "American" raised in the United States, "Korean" raised in South Korea, or "Chinese" raised in Mainland China. The survey was translated into Korean and Chinese (simplified characters) for respective user groups in order to help them better understand the meanings of the mood labels. Table 2 shows the translation of the mood terms.
Table 2. Korean and Chinese translation of the five mood clusters
In addition to the questions asking about music mood, the participants were asked to provide basic demographic information such as gender and age. We also asked the following two questions to determine their overall familiarity with the songs: 1) if the participants had previously heard the song, and 2) if they can name the artist and the song title. The two questions together can help gauge listeners' level of familiarity with the songs in a more objective manner than listeners' self-perception.
Data Analysis Methods
There were two main methods used for data analysis. First, Chi-square (χ 2 ) independence tests (Sokal & Michener, 1958) were applied to examine whether the distribution of mood judgments across mood clusters was independent from variables such as cultural background, gender, and age. The results can tell us whether each of these variables is related to mood judgments on a broad level. Chi-square distances were also calculated to further quantify the difference between two histograms (distribution of judgments across the clusters). Second, mood judgments of listeners from the same or different cultural backgrounds on the same clips were paired up to calculate the agreement ratio. This captures each listener's judgments at the finest granularity and reveals the levels of agreement reached by groups of listeners in a variety of conditions.
Results and Discussion
Characteristics of Participants
A total of 31 complete responses were collected from each of the three cultural groups (93 participants in total). Table 3 Approximately half of the Korean and Chinese participants (13 each) responded that they stayed in the U.S. for less than a year on the date of the survey. Nine Korean and 13 Chinese participants specified 1-5 years, and nine Korean and five Chinese participants specified 6-15 years. The listeners' familiarity with the songs were categorized as follows: high familiarity means that the listener answered yes to both familiarity questions (i.e., whether they have heard the song before and whether they can identify the artist name and the song title), medium familiarity indicates yes to the first question, and low familiarity indicates no to both questions. Table 4 shows the distribution of familiarity levels across the three cultural groups. High  No Answer  Total  AM  617  120  192  1  930  KR  832  63  33  2  930  CN  836  75  14  5  930   Table 4 . Distribution of familiarity levels across three cultural groups
Low Medium
Overall, American listeners were much more familiar with the songs in our dataset. Korean and Chinese listeners indicated that they are not familiar with the song (i.e., no to both questions) for 89.5% and 89.9% of all responses which is significantly higher than 66.3% of American listeners. This is not surprising as the 30 clips were from the Western culture. Moreover, it is noteworthy that the Korean listeners indicated high familiarity twice as often as Chinese listeners did. This is in accordance with the fact that Korean people have been listening to Western music for a much longer period than Chinese. Figure 1 shows the distributions of mood judgments from the three groups of listeners across the five mood clusters. The proportions of songs selected for Cluster_2 (rollicking, cheerful, fun, sweet, amiable/good natured) for American and Korean listeners were approximately the same and much higher than Chinese. The proportions for Cluster_3 (literate, poignant, wistful, bittersweet, autumnal, brooding) for Chinese and Korean listeners were similar, and higher than Americans. Koreans were much less likely to select Cluster_5 (aggressive, fiery, tense/anxious, intense, volatile, visceral) than the other two groups, and were in between of the other two groups in terms of labeling Cluster_1 (passionate, rousing, confident, boisterous, rowdy) and "Other." Koreans were also more likely to select Cluster 4 (humorous, silly, campy, quirky, whimsical, witty, wry) than the other two groups.
Mood Judgments
Cultural Backgrounds vs. Mood Judgments
Figure 1. Mood judgments across mood clusters
The fact that American listeners tend to select "Other" more often than Korean or Chinese listeners may be due to the fact that they are more familiar with the Western songs and the cultural context in which the songs are produced; thus, their perception of the mood of a particular song maybe influenced by more than the intrinsic properties of the song. It may also reflect the differing cultural characteristics of the listeners, i.e., collectivist Eastern listeners and individualistic Western listeners as discussed in previous cross-cultural music mood research (e.g., Boer & Fischer, 2010; Hu & Lee, 2012). American listeners disagreed with the presented mood clusters approximately twice as often as Korean and three times as often as Chinese listeners.
A Chi-square test on the distributions shows that cultural background and mood judgment are not independent (χ 2 =96.72, df= 5, p<0.0001). In other words, there is a relationship between cultural background and mood judgments. Pair-wised tests (on each pair of two cultural backgrounds) gave the same results. To quantify the differences across cultures, Chi-square distances between each pair of mood judgment distribution (histograms) were calculated and compared. The distance between American and Chinese listeners' judgments was the highest (d = 0.51), followed by American and Korean listeners (d = 0.02), and Chinese and Korean (d = 0.01).
Overall, Chinese and Korean listeners perceived music mood more similarly, compared to American listeners. In fact, between Korean and Chinese listeners, mood judgments were significantly different for only two out of 30 songs (χ 2 Figure 2 shows the mood judgments on this song across the three cultural groups. Most of the American listeners selected Cluster_2 (rollicking, cheerful, fun, sweet, amiable/good natured) or Cluster_1 (passionate, rousing, confident, boisterous, rowdy) for this song whereas almost one-third of Korean and Chinese listeners selected Cluster_4 (humorous, silly, campy, quirky, whimsical, witty, wry).
Figure 2. The mood judgments on Got to get you into my life by The Beatles across the three cultural groups
Based on the answers given with regard to the listeners' familiarity with the song, 29 out of 31 American listeners indicated that they had listened to this song and 19 were familiar enough with this song that they could identify the artist name and the song title. However, only four out of 31 Korean listeners had heard the song before and two could identify it, and none of the Chinese listeners had even listened to this song prior to this survey. This difference in the level of familiarity as well as the fact that Americans are much more likely to have background information on the Beatles seem to have affected how listeners determined the mood of this song.
Agreement between Pairs of Mood Judgments
Each music clip in this survey had 31 answers from each cultural group. These answers were paired up, either within the same cultural group or across different cultural groups. Agreement ratios can be calculated by dividing the number of pairs with agreed judgments by the number of total pairs ( Table 5 ). Korean listeners showed the lowest intra-culture agreement ratios of the three groups, indicating more diversified opinions were given by Koreans. In general, cross-cultural agreement levels were lower than intra-cultural one, except for pairs between Korean and Chinese listeners. Table 5 . Agreement ratios among intra-and cross-cultural pairs of judgments Table 6 shows the number of agreement pairs across the mood clusters. It shows that different cultural groups tended to agree more on different mood clusters: 
Mood Clusters vs. Cultural Groups
Instrumental vs. Vocal
Half of the music clips in our dataset were instrumental, and the other half were vocal. Comparing the agreement ratios on these two types of songs can help reveal the extent to which lyrics can affect the chance of agreement within and across cultures. Table 7 shows the comparison of intra-and crosscultural agreement ratios for instrumental and vocal music. The lyrics of the vocal songs were in English. The fact that American listeners reached a much higher agreement ratio on vocal songs indicates that lyrics might have affected how listeners made the mood judgments. This is consistent with the findings in previous research by Lee et al. (2012) that lyrics do affect how users determine the music mood.
For the other two groups whose native language is not English, the agreement ratios on vocal music were approximately the same. As the participants were recruited over university mailing lists, we assume most of the Korean and Chinese listeners had similar levels of English fluency. However, future research is necessary to determine whether and to what extent listeners actually interpret the meaning of lyrics while listening to songs with lyrics in their second languages. In any case, vocal music seems to have helped Korean listeners reach a higher level of agreement compared to instrumental music, but not for Chinese listeners. Cross-cultural agreement ratios on instrumental music were lower than intra-cultural agreement ratios, but cross-cultural agreement ratios on vocal music were the same as intra-cultural agreement, except for the pair of AM-KR. This suggests that Korean and Chinese listeners may appreciate the mood of Western vocal music in similar ways, but further research is warranted to confirm this hypothesis. Table 7 . Intra-and cross-cultural agreement ratios on instrumental and vocal music
Instrumental
Genres
Analyzing the music mood judgments of the three cultural groups with respect to music genre showed that culture groups did not have a significant relationship with mood judgments. However, looking at pairs of cultural groups reveals different patterns. When considering American and Chinese participants, mood judgments and cultural groups were not independent (i.e., related) across music clips in all genres (χ 2 = 21.91-46.68, df=5, p<0.001) (Hu & Lee, 2012) . For American and Korean participants, mood judgments and cultural groups were independent on Pop music (χ 2 = 5.22, df = 5, p = 0.39) and Other music (χ 2 = 10.09, df = 5, p = 0.07). The Other genre included one song in each of the following genres: Folk, Metal, Reggae, Country, Oldies and Rap. This indicates that Korean and American listeners perceived the mood of Pop and Other music similarly. Even stronger similarity existed between Korean and Chinese listeners: their mood judgments and cultural background were independent on Easy-listening (χ 2 = 8.85, df = 5, p = 0.10), Rock (χ 2 = 10.93, df = 5, p = 0.05 and Other (χ 2 = 4.73, df = 5, p = 0.45) songs. In other words, they perceive the mood of these three genres in similar ways. Among all the genres, only Dance music always received significantly different mood judgments cross-culturally, no matter which two cultural groups were paired up. 
Gender vs. Mood Judgments
We tested the independence between the listeners' gender and distributions of mood judgments across five mood clusters. The results indicate that gender and mood judgments are not independent when aggregating judgments from all cultural backgrounds (χ 2 = 36.87, df = 5, p < 0.0001). They are also not independent when considering American listeners (χ 2 = 14.99, df = 5, p = 0.01), and Korean listeners (χ 2 = 14, 27.04 df = 5, p< 0.0001), respectively. This means that male and female listeners in these two cultural groups did judge the music mood differently. However, that was not the case for Chinese listeners: male and female listeners in fact showed similar patterns in mood judgments (χ 2 = 4.33, df = 5, p = 0.50).
Age vs. Mood Judgments
The age ranges of listeners in the three cultural groups differed but all groups included listeners from 22 to 39 years old. We split this common age range into two groups, age 22 to 29, and age 30 to 39, in order to test whether mood judgments depend on age groups in the three cultures. For American listeners, the two age groups showed similar mood judgments (χ 2 = 9.20, df = 5, p = 0.10) while for Koreans and Chinese, the two age groups judged music mood differently (Koreans: χ 2 = 46.89, df = 5, p < 0.0001; Chinese: χ 2 = 19.39, df =5, p= 0.002). This could partly be attributed to the fast changing social environments in Korea and China in the past decades. In both countries, people with age difference of about 10 years would have grown up in very different living conditions and social dynamics which certainly would have played a role in shaping a person's musical tastes. This is not the case for people who grew up in a relatively stable environment in developed countries such as the United States.
Conclusion and Future Work
Our findings reveal that the perceptions of the three cultural groups do differ. Based on the cultural groups they belong to, listeners behaved differently in their selection of mood clusters as well as agreement ratio in each of the mood clusters. However, in many aspects, Korean listeners are situated between listeners from American and Chinese cultures, evidenced by the Chi-square distances calculated on overall mood judgment distribution and pair-wise agreement on mood clusters, agreement ratio comparison between vocal and instrumental music as well as agreement ratio comparison across different music genres. Notably, Korean listeners showed the lowest intra-culture agreement ratio of the three groups.
Despite the similar level of English abilities of Korean and Chinese listeners as well as the level of familiarity to the songs in the dataset, they did perceive music moods differently in many cases. South Korea had stronger influences from Western culture over the past few decades than China. These different levels of exposure to Western music in the two countries may be one of the reasons why Korean and Chinese listeners perceived music mood differently, and why Koreans seemed to behave more similarly to Americans in much of the comparison. In addition, user characteristics affected how listeners in certain cultural groups determine music mood: for example, gender affected American and Korean groups, and age affected Korean and Chinese groups.
The three-way comparison among American, Korean, and Chinese music listeners revealed that there was in fact some difference between Korean and Chinese listeners although they were both representing non-Western user groups. This implies that future cross-cultural music mood studies involving real users should explore similarities and differences among multiple cultural groups, not just between Western and. non-Western user groups, in order to achieve a deeper understanding on cross-cultural music perception.
In our future work, we plan to conduct user interviews in order to more thoroughly investigate how listeners from different cultures perceive music mood and triangulate the results obtained from this study. In addition to the survey data we obtained from this study, it will be insightful to have people describe the reasons for selecting particular music mood in their own words. We also learned that it is difficult to find Korean and Chinese mood terms that directly map to certain English mood terms. A number of mood terms can be translated to different Korean and Chinese terms (e.g., rollicking, volatile). For some English mood terms, it can be challenging to find a single term that still preserves the original meaning (e.g., campy) when they are translated to Korean or Chinese. Therefore in our future work, we plan to test different translations of the mood terms to check the consistency of the results presented in this study. Table of Tables   Table 1. 
Table of Figures
